
r ·
Integrated Use of LAh"DSATwith Ground Data '

•
Galen F. nart t William Ii. Wigton

KtcbC'lel E. Craig, George A. Hanusc:hakand Richard S. Sigman

Introduct1ou

A t..{G, ,1'111

rILE COpy
The Statistics Unit of the Economicst' Statistics, and Cooperatives

Service (ESCS), United States Department of Agriculture (USDA),is

officially respO'O.3iblefor collecting and disseminatiDg current crop

and livestock statistics. To support this responsibil~~ the Statistical

Research Division (SRD), ESCS, continual.ly seeks ways for :1:!%lprov-f-!!gthe

accuracy t timeliness, coverage and cost effectiveness of operating

programs. Since the launch of LANDSATI in July, 1972. saD-has con-
j

dueted rese~rcb ~estigations toward utilizing spectral reflectance data..
to improve txOp area estimating ability. The interest in LANDSATdata

st~d rraQ the potential for complete or census like coverage for large

areas in a very short time spa.t:. The general objective fo-r i:1vest;igatio4ls

is to deve1c;pmethods for integrating the best featuzes of an existing

ground data collection system and ~~SAX digital data.

Ground Data Ccllec:ion Syst~

Shee the -general obj ective is to integrate or merge all existing system

¥!tb a newsyste: this ~aper first addresses the exLctt1.ng ground dau

collection system. Th~core of this systemis the land area sampling

!ra:3e and the unde.rlying concepts of the land a.rea s8JIl!=.1ingframe a.re

basi~ to understanding haw integration is possible.1
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"Theeneire area of ehe UnieedStates is partition~d or stratified by

qricultural land use. For a particular state (depart:ment,province).

the numberof partitions or strata mayvary but for a typical stat~ about

ten uniquely separable strata of laud use are delineated. the task of

dividing the land area of a state in~o strata is accaaplished by iDter-
:,

preting conventional low level black' and white aerW- ph~tography.

Urbanor non-agricultural lands are separated. Byusing a percane cul-

tivation criteria degrees of cropping intensity are interpreted and

delineated. Woodand grazing lands are separated. Whenthe task of

stratification is completedall land in a staee has been uniquely assigned

to • particular straeum. Within ~ch stratum. the toca! land area is sUb-

divided iDto sampUngunits. A typ1.cal samplingunit in major crop produ~
: ,

areas :13 about 2.6 square kilometers. Thecollection of all samplingunits

for all strata is called the area samplingframe•. & probabiUty sampleof

UD1ts is selected fr01lleach stratum andeaehaelected unit is delineaeed on

• pall scale aerial photograph(approx1mately1: 8000 or 12 centimeters to

the Wometer) •
..

Anat1ol1alsurvey of about 16,000 samplingunits is conductedin late May

of each year. This survey is known·as the June Enumel:'ativeS~ey (JES).

About,1.600 part-time interviewers employedby ESCSobt41ncomplete

qricultural infomatiOll for each of the selected samplingunits during

a twoweekinterview period. Intense training of field supervisors and

:!zlt.ervieversis conductedto minimizepotential error. Eachparcel of
•

41fferent land use 1s delineated on 1:8000 scale photographyand land use and
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bectares are recorded on a questionnaire. The interr.1ewer also obtains
and records on the questionnaire information on crop utilization. grain
storage. livestock inventory by various weight classes. and agricultural
labor and economic items. The data collected during this Survey serves..
• wide range of current crop and livestock statistics programs. This same
.et of sampling units or sub-samples thereof are visited several other

j- -times during the year to obtain such information as yield and production
of crops and to update information obtained at ~he time of the JES.

For major crops at the state level this survey provides estimates witb
relative sampling errors ranging from 2 to 8 percent. At the national
level the relative sampling errors for major items are about 1.5 to 3.5

-~
percent. This system. provides stati'Stics for items relevant to current
agricultural information needs at state and national levels that are
timely (publication within three to four weeks after data collection).
accurate and acquired at a reasonable cost. The total cost of annual
surveys, including maintenance of the sampling frame, is about 3.5 million
dollars.

Potential for Improvement Offered by Integrating LANDSAT Data
Probability sampling offers an apparent cost-effecti~e means of coli~cting
data at state and national levels. But it is an attribute of sampling
theory that sample size is nearly independent of population size. For a
typical state with about 350 sampling units, estimates for major crops have
relative sampling errors of about 2 to 8 percent. The sample size required
to achieve the same precision at the national level would be less than 1000

•
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sampling units. However, in order to provide a target 2 to 8 percent
sampling error at the county (parish, municipio) level. several hundred
sampling units would be required and therefore, samp1.f.ngis llC'tcon.-
sidered to be a cost-effective method for providing SBall area

,.
statistics. LANDSAT, however, being a complete or CeI!SUS coverage ICethod..
for collected data offers potential for small area land use statistics
since energy readings in four spectral bands are acquired for each acre of
land •

.There! are some characteristics of LANDSAT, when viewed as a data collection
device, that must be recognized and accommodated to achieve a successful
integration. Resolution could be described as "course" - 4800 sq. meters
is not a highly descriminating unil~of observation for ~etailed land cover
information. The quality of data is quite'variable ranging from no infor-
mation content, caused by cloud cover; to low information content, due
primarily to atmospheric variation ~uch as haze; to high information con-
ten:, from clear atmosphere at an optimal time for land uae or crop

" 2, 3d1scrfmi~ation. Extracting land cover information from reflec-
tance data is therefore a difficult task. A way of describing this
statistically is that we have information concerning~ popu1a~ion 0-

interest, land cover, imbedded in data from a population that "we know to
be different. There is no direct way to "scale" the covered population to
the population of interest.

It bas been demonstrated through many experimencs that information ~xtrac-
•

tion from LANDSAT digital data is very directly associat~d with the amount

..•.

•
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of ground data available to convert spectral data to land cover infor-
mation •.2, 3 Ground data are needed to obtain the "sienatures" of
spectral data. Selected sampling units from the lanciarea sampling frame
provide a substantial amount of ground data to "train" a cOtr.puterto
classify land cover from spectral data. Also since the area sample is a

:.probability sample the data collected can be "expanded" indepe:tdently to
area totals (local, state, and national levels) and transfer inference

,,:...
Ipower to the process of combining this data with spectral data. The

statistical procedure of combining these two data sources is known as
"double sampling" and estimation is performed by the "regression
estimator" •. LANDSAT data are appropriate to use as auxiliary data to apply
the theory. If the correlation between ground and spectral data for a
particular land cover is sufficien~ly high then, since"LANDSAT data is
without sampling error, estimates resulting from the combination would have
a lower overall net sampling error. In fact, if there-was a perfect one-to-
one relationship between ground and spectral data, estimates resulting from
the combination would be without sampling error.

Procedure for Integration
The task of developing a method for ~ombining spec.tral and ground data has

'. ~'

~ Ibeen completed and is in a computer network (ARPA) environmen~ with software
j

developed cooperatively between ESCS and the Center for Advance Computation,
1JD1versity of Illinois. 4 The network permits communication between
researchers and an efficient computer processor known as ILLIAC IV at the
RASA, Ames Laboratory, Moffett Field, California. Some of the features of

•
this software, known as EDITOR, include: interactive digitizing, storage.

,
."
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and retrieval of ground data; extracting LANDSAT reflectance data for sampling·.units where ground data is collected; .~omputing statistics necessary for estab1i-
sh1.nga relationship between spectra1:and land cover data; classifying each pixel
into a land cover type; and generating combined estimates and sampling variances.
Methods have also been developed to handle the situat£~when cloud cover or
lack hf LANDSAT coverage allows for only the use of ground data.5 EDITOR
software is not proprietary and is documen ed and available to anyone interested
in knowing details of the system.

The first step of integration~ called registration~ is to use mathe-
matical equations to achieve a bes~ fit of LANDSAT scene data to a map
baae. The preferred registration is to U.S. Geological Survey maps of
.ither 1:24~000 or 1:62~500 scale. For a LANDSAT scene about 50 points
are selected throughout the scene that can be located in the map base and
LANDSAT data.

Rext, each enumerated sampling unit is calibrated or locally registered
to about ti2 pixel accuracy in the registered LANDSAT scene. This
accuracy is required so that individual pixels can be·identified and.' .

labeled with the actual crop cover for classifier training. The process
of _.-pling unit calibration is accomplished by using computer generated
"aray scale" printouts of LANDSAT bands and field boUDdary plots as
recorded from interviewer outlined field boundaries recorded on 1:8000
scale aerial photography. Agreement is achieved by making the appropriate
row and column shifts in L&~SAT data necessary to align field boundaries

• .'
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aDd pixel printed output. An alternative to using direct rp.flectance
band gray scale printouts is to conduct a prel1md~ clustering or
classification using all four LANDSAT bands to betber distinguish field
patterns. This is more time consumipg but does ~lt in improved field

"
boundary identification • .:..
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After registration, each pixel in each sampling unit.within a scene or
scenes in the same LANDSAT pass is labeled with the actual crop cover.
Using these labels pixels from the major ~over types are put into
separate files. Next, various pixel clustering alternatives are attempted
on the separate files to arrive at the "best" or optimal set of descriptive
statistics for'the major land cover categories. Discriminant functions in.,.
a four dimensional measurement space are used to determine this optimal'
clustering. Number of categories of land cover vary from abQut S to 15;
the number depending upon the primary land cover types within a scene,
quality of LANDSAT data, amount of'samplingunit data available within a .
scene or pass, etc.

A statistics file containing a mean vector and covariance matrix for each
category of land cover is then created. Usually, data,Is assumed t( be

••
multivariate normal because of simpliCity of calculations and'so long as
this assumption is not seriously violated, the errors induced are not
substantial. The entire measurement space, all pixels in a LANDSAT scene,
a.it just the subset covered by sample units, is then classified usina

the descriptive statistics to assign every pixel value to a land cover•

class.

•
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Classification can be accomplishedby a variety of waysutilizing the

atatistics fr01lldiscriminant anuysis. Choiceof the "best" waydepends

OIl the type of result desired. Anoptimumclassifier for the purpose of

estimation is not necessarily the optimumfor mAYimizingclassification

accuracy. An example of tnis 15--1£ twice as manypixels were

lcIent1fied as corn as actually are corn and this relationship is con-..
autent across sampleunits, then t~e c1assificatima. accuracy wouldbe

poor. but estimation accuracy using regression wouldbe perfect, two-to-
j •

ODe. In other words, if classification bias is ccmsutent it can be

removedby regression.

It should be noted at this point that wehave not been successful in

combiningdata fromdifferent passes. Atmosphericand other changes

destroy uniquenessof signatures. Wehave been successful in combining...• .
. data fromadjacent scenes in the sainepass but north-south differences

1:lm.1teven this extension. Thekey is to have enoughprobability data

within a single scene.

Wbe1S training ancIclassification procedures have been completed, the

r-.,ifting task is to utUize a statistical application of correlation and

rearessioD'to integrate groundcollected data with "LAIDSAX data. If

,1zel data fr01llLANDSAX are sufficiently correlated with sampleun::.. ; data,. ~.

then a regressioD estimator taking advaDtageof the correlation can improve

efflc:1encyover what could be obtained fr01llgroundenumeratedsampleunit

clata alone. Data collected fr01llsampleunits are sumaarizedwithin each

1aDduse stratUIII. Let h • 1,2, ••• , L be the land use strata. For a spe-

c1f1c crop the estimate of total area and the estimated variance of the

total are as follows:
Let Y • Total COrD acres for a state •

•••Y • Estimated total area of a s~ecif1c land cover for a state.
Ybj • Total area of a specific land cc.ver in. the j tb sampleunit

in the bch stratuc.
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This estimator is commonly called a direct expansion estimate, and we will
denote this by YDE •

•The estimated variance of the total i,'s:
';'1

i L ' ~ Nh •- nh ~ - 2
! v(YDE) - 1: n..~'~n.=1) --~h - 1: (Yhj - Yh)
! b-l h n j-l i ••

In:01der to summarize an estimate and its variance a ratio is formed.
ratio. the relative sampling error, express.ed in percent is:

This

_ LANDSAT pixels.
Rote that we have not yet iDade use of an auxiliary variable-classified

••••.~'.
, .

"The regression estimator utilizes both ground data and classified LANDSAT
.'

pixels. The estimate of the "total Y us~g this estimator is:

, where .'
-ad Yb - the average area' of a specific land cover per sample unit from the

tharound survey for the h land use stratum.

bh • the estimated regression ~oefficient for the htb land use stratum

when regressing ground reported area on classifieCl pixels for the,nb
sample units •

.-
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~ • the average number of SP~~ifiC land cover pixels per frame
.:. thunit for .!!! frame units in the h land use stratum. Thus t

whole LANDSAT frames must be classified .tq cal~ulate~. Note
that this is the mean for the population and not the sample.
Bb

• t ~/Nh
i-1

Xtit· Dumber of spec.ific land cover pixels
th-.frame unit for the h ~~ratum.

~ - the average number of specific land cover pixels per sample unit
iD the hth land use stratum.

Db
- t ~j/~

j-1

~. - Dumber of pixels classified as a specific land cover iD the jth
. thsample unit in the h stratum.

-,.'the astimated (large sample) variance for the regression estimator is:
- ,

1 2.-r__ .h
~-T

where
2rb • sample coeffi~ient of determination between reported and classified

thspecific land cover pixels in the h land use stratum.
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ancl 80 11m v (Ya) - 0 as rb + 1 for f1xe~ ~. Thusa gain in lower

variance properties is substantial if the coefficient of determination

18 large for most strata.

ResearchResults

Twoq~les of summaryresults will be presented from 1975 Ullno1s

aDd1916ICansasdata. In both cases the objective was to classify

every pixel in the state to estimate major crops area. For Illinois
",

cbe twomajor crops were corn and soybeansand for ransas winter wheat

.••• the major crop. Results are not co be co:zrpared••directly since both

projects were large seale research investigations and alternative -

aalytical methodswere being tried. Thebasic procedures as outlined

earlier ill the paper were followed. With:lnstudy project comparisons

can be madeand general conclusions can be drawnfrom results.
,

,'- .



12

•
In IlUnois 300 selected samplingunits. the mtire area frame sample for

that year, were used in analysis with one exception-there were two counties

111 the center of the state that were not covered by a cloud free LANDSAT

.cene and these two counties were not included in the analysis. In Kansas'.there were 43S selected samplingunits available froa me area frame. At the -'
, I

oU~8etof the project it was decided to use 174 of the sampling units (40%

of the total) for LANDSAtanalysis to reduce the imP&t of LANDSATresearch

011 the operating programsurvey. In these projects. LANDSATdata for a
-

specific analysis area ~re taken fromone elate only. Multi-temporal studies

have·been conductedbut results are not presented in this paper. In lCansas

it was believed that the optimal time for spectral separation, of winter

wheat from other cover types was April or Mayand for corn and soybeans in
" .-, ~

. TIHftois. late July to early September. In lCansasit was possible to

obta1Destimates for only 87 of the 105 counties during the given time

period due to cloud cover or lack of sufficient tralIdng data. Several

of the. counties not estimated were important wheat counties. In Kansas

6 satellite passes were required to acquire total area. single time

coverage and in Illinois S passes were required. Cloudcover continues

to' be ~ major problemand even though it is possible to bandle this

problemwithout' bias. significant :improvementsin uti.mation accuracy can

DOtbe achieved without a large amountof high quality imagery.S

. Eachstate was divided into analysis areas or districts. These districts

were the aggregation levels for utilizing grounddata for training and

classification. The·evaluation criteria for success was reduction' in the
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relative sampling error (r.s.e.). Analysis areas or districts zre shown

in Figures 1 and 2. Tables I and 3 showboth est1m~t'escd relative

sampling errors for the regression and direct expansion es~tmator~. A

third data set, identified as SSOestimates, was used for comparisonof

results. Both States have post growing season accountings that approach a
' .
..

_ .CeIlSUS or complete coverage. However,since coverage-is not comPlete

adjustments are madefor consistency. These data provide indepe!1dent

comparisons.

Significant reductions in the relative sampling errors were achieved by

the integrated use of LANDSATdata with ground data through the regression

estimator. The reduction for Kansas is more sign1£icane than in Ill1Dois

keeping in mind that only 40%of tl~ total possible gTounqdata vere used.
~ .• .It:

Tables. 2 and 4 are exampleresults at the county level. Relative sampling
-

errors are unacceptably high by the standards ESCS_normally places on

esttmates. Howeverthese projects provided estimates with a measure of

precision which wouldnot have been possible without the 1ntegrated use

of LANDSATwith ground data •

.'
. 'Remarks

.Since the tec:hzd.calfeas:f.bUity of using LANDSATdigital data ·to generate

.1mprovedestimates of major land covers at the county or multi-county

1eYela seems assured the question then becomes"Can the integrated use

of LANDSATwith ground data be cost justified in operating programs based

CD improvedinforma;ion value?" The question 1'1 relevant since no national

level agricultural operating programutilizes LANDSATaigital data as an

iDtesral part of operations.
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•At present USDA.is exploring to. determ:1ueif it might betlioasible to

lenerate a series of outputs, including statistics, ~ge products, and

special overlays, that wouldbenefit a numberof different natioual and.

state programneeds.

' ..
W1th:1DUSDA,several agencies have'programresp011siblllties that r9quire ..,

-laDcl ·use inputs. Manystate governmentsare also 11lvolvedin .land use

- "'PIJlftftinl and are seeing a greater need to monitor cli:angesin land use.

U a "core" processing system sim:Uar to that \llscussed in this paper

could be modified so that manyusers could obtain their products as marginal

outputs then the cost of core processing could be distributed over a number

of -"benefited" programs. This approachassumesthe "core" processing is
-,.

. the major cost of a particular product output. In other words the "marginal"

cost of generating the uSer specified product is small as comparedto the

cost of the user independently generating the product. Also, the distri-

buted core cost plus the product marginal cost must be favorable as C01ll-

pared to the value of programimprovementas a result of including the

product. Candidateprogramareas for product utilization are:

(1) forest and range inventory and monitoring, (2) 1nventoring and

IIOI11toringof irrigated croplands for planning agriCiultural water ~upply

"--ds, (3) integrating land cover and topograpb:f.cdata..for erosion.-

potential and water quality management,and (4) monitoring of urban

developmentpatterns as they relate to important or prime agricultural

!aDds.
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If it is possible to satisfy some of these needs them the next likely
occurrence1rolJldbe to create a land use data base or information system
in a geographic format. This would include point data or summary data
for geographic areas that could be digitized in a common map base. The
creation and utilization of such a base could considerably expand present
land use analysis capability. The next five years ~hould be an exciting..
period in the utilization of space technology for current, very down to
earth, problems relating to land use and change.
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Figure 1. Analysis Areas Illinois 1975
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Table 1. Estimated Hectares of Corn and Soybeans in Illinois for Wholly
Contained Count~es in Each Analysis Area •..,

..,
Number of
Counties

29

7

20

16

·12

32

9

Estimator

Direct Expansion
Regression
SSO
Direct Expansion
Regression
SSO
Direct Expansion
Regression
SSO
Direct Expansion
Regression. .
SSO
Direct Expansion
Regression
SSO
Direct Expansion
Regression
SSO
Direct Expansion
Regression
SSO

Corn
Hectares r.s.e.

(000) (%)

1,663.4 3.6
1,669.5 .2.5
1,490.2

482.2: 7.1
477.7 2.9
484.4

1,176.7 4.5
1~,\91.9 4.3
1,'189.7
-,468.6 9.5

435.9 8.6
499.0
720. 9 . 5 •6
638.3 4.1
725.2
675.6 7.5
653.6 6.9
715.1
532.6 8.5
513.6 4.6
455.3

Soybeans
Hectares r.s.e.
, (OOO) (%)

622.9 7.7
680.6 5.2
670.9
215.6 13.9
211.7 8.2
203.5
897.3 5.5
860.9 5.1
80S.5

677.9 8.6
623..2 6.8
504.3 !

582.6 6.3
522.3 6.5
559.7
984.2 5.2
954.2 3.8
827.6

.,
217.4 13.1
232.3 10•.6
275.2

(Pig.l) were analyzed individually and joined with W3 (not shown on Fig. 1
• W2) to form Wl23
~ained within W2

•

..

.
,
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rab1e 2. Regression Estimates for Corn and Soybeans in Illinois
for Individual Counties in Western Pass W 123 (Fig.l)

' ..Corn ". Soybeans
.;",

Bectares r.s.e. Bectares r.s.e.
:ounty (000) (%) (000) (%) i •.

ldams 67.4 24.0 33.8 35.3
lrown 21.7 33.9 9.8 50.7.lureau 102.8 18.7 44.8 33.4
:a1houn 22.9 25.1 9.4 39.9
:arro11 51.2 17.5 23.1 29.6
:ass :37.1 20.3 21.9 25.5
'ulton -69.6 29.0 37.0 37.8
:reene 55.4 19.2 30.8 24.8
ancock 77.1 19.3 'f. 36.2'01 30.3
anderson 42.1 17.3 <"~~ 15.0 36.4
:-nry 112.0 17.2 32.1 46.6
'ersey 34.7 21.6 19.8 27.0
iodaviess 43.8 34.1 11.0 94.2-
DOX 70.5 19.5 32.2 31.6
&Son 52.2 21.3 30.8 27.9
tDonough 65.8 17.4 . 33.4 26.3 1ercer 56.6 18.7 17~8 43.4
organ 59.6 17.6 37.9 20.9 ~
B1e 90.2 19.0 20.8 64.2

J
eorfa 50.2 24.0 26.4 32.6
lke 64.8 25.7 31.7 37.3
DCk Island 43.3 18.7 11.1 52.7
:huy1er 34.0 29.0 14.8 46.2 .
cott 24.7 19.9 12.7 28.6 .'tark 37.2 18.2 16.4 32.1
tepbenson 69.6 18.6 12.4 81.8
lrren 65.5 16.5 25.9 32.2
liteside 98.3 16.2 25.3 49.0
Umebago 49.2 21.5 12.0 68.0

• f
,
~
!.-
l

.. I, ~
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.Table 3. Planted Area Estimates of Winter Wheat· in Kansa~ fur Countie!l in

Each Analysis District.

Analysi!'> Number of Estimator Hectaroas r.s~e.
District Counties (000) (%)
Pass-2 17 Direct~xpansion 902.7 17.6

Regre5~ion 912.9 4.8
SSO 1,,035.6.y.

Pass-3 19 Direct Expansion 1,151.7 12.1
Regression 984.2 6.5

•sso 1,106.4
Pass-4 7 Direct Expansion 431.3 6.9.

Regression 507.7 6.7
SSO -•• 494.5

~
'"Pass-5 19 Direct Expansion 960.6 9.1

Regression '947,5 5.3
SSO 945.8

Pass-6 25 Direct Expansion 304.3 18.6
.'Regression 404.7 4.7 ,-

SSO 382.4

"••
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Table 4. Regression Estimates for Wheat in Kansas for Individual Count.ies
in Pass-3 and Pass-4 (Fig.2)

'..
County Hectares , r.s.e.

(000) . , (%)

Clark 58.8 17.3
Ellis 37.3 25.8

i _

Finney 64.5 31.6
Ford 99.4 19.5
Gove 46.3 36.0
Graham 47.6 31.4
Grey 50.2 35.6
Hodgman 50.3 20.5
Lane 40.2 21.7
Meade 47.7 26.4
Ness 57.1 24.7
Norton 88.2 14.4
Phillips 61.2 ~ 23.4
!.ooks 50.7 ' >J~ 20.7
Rush 61.4 17.1
Seward 30.6 28.5
Sheridan 45.1 30.3
Smith 72.2 17.3
Trego 40~.7 . 27.3
Barten 92.9 13.0
Edwards 42.5 20.2
Ellsworth 50.3 8.1
Kowa 36.1 19.1
Pawnee 68.2 23.7
Partt 68.7 14.9
Stafford 72.4 17.8

.,••
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